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[57] ABSTRACT

An optical storage device has an optical information
carrier placed in a container filled with an immersion
fluid, at least two stationary optical elements disposed
on transparent portions of the walls of said container,
and associated with optical heads each head having a
source of modulated coherent radiation, a movable
optical element, a beam splitter, and a photodetector.
‘The optical storage device is linked with an external
information computer system by means of a control unit
connected to the photodetectors and sources of modu-
lated coherent radiation. Each photodetector is con-
nected to an autofocusing unit whose output is kinemat-
ically coupled with the movable optical element, while
one of the photodetectors 1s connected to a track
switching umit connected to a track tracing unit. The
control unit is connected to the track switching unit and
the track tracing unit is connected to an information

addressing unit kinematically connected with the opti-
cal information carrier.
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1_
HIGH DENSITY OPTICAL STORAGE DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention
This invention relates to information recording and

reading techniques using modulated electromagnetic

beam effect, wherein the read-write head and optical

information carrier are displaced 1n relation to each
other.

2. Description of the Related Art
Known in the art is an optical storage device (U.S.

Pat. No. 4,404,571) employing a cylindrical information

carrier. This known optical storage device has a very
low density of information recording, since it uses only
one optical head and has intervals between tracks.

The closest prior art, both technically and by the
- effect obtained, is an optical storage device (DE, A, 2
- 322 405) comprising an optical information carrier hav-
ing reference tracks on the recording coating thereof, at
least two optical heads which are optically connected
- with said optical information carrier, each said optical
head being made of several optically connected ele-
- ments, including a source of modulated coherent radia-
tion, a movable optical element, a beam splitter, a pho-
todetector having its first output connected to a repec-
tive input of an external control device, at least two
autofocusing units, each having its input connected to a
second output of the photodetector of a respective opti-
cal head, while the output of each autofocusing unit is
kinematically connected to a movable optical element
of its optical head, at least one tracking unit made as a
disc, having its input connected to a third output of the
photodetector.

This optical storage device is deficient in that its
mnformation recording density is insufficient because it is
~equipped with an inadequate tracking system which
provides tracking of information tracks on the entire

surface of the recording coatmg of the optical informa-
tion carrier.

SUMMARY OF THE INVENTION
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third output of a photodetector. The invention also

~comprises a track switching unit inserted between the

input of the track tracing unit and the third output of the
photodetector whose fourth output is connected to a
second tnput of the track switching unit whose third
input is connected to a first address output of the con-
trol unit. An information addressing unit 13 kinemati-
cally connected with the optical information carrier and
has its first input connected to a second adress output of
the control unit, while its second input is connected to
the output of the track tracing unit. There is provided

an optical information carrier placed in a container

filled with an immersion fluid and having transparent
parts 1n the walls thereof, which are located opposite
optical heads, a stationary optical element being placed
on each such transparent part, the reference tracks on
the recording coating of the optical information carrier
being prowded only on a part of this recording coating,
which is located beneath a stationary optical element
linked with an optical head of the photodetector con-
nected to the tracing unit.

It 1s advisable that the optical storage device should
comprise additional track tracing units whose number is
less by one than the number of optical heads, the output
of each additional track tracing unit being kinematically
connected with an additional input of a movable optical
element of its optical head, while the input thereof is
connected to the third output of the photodetector of its
optical head. |

It 1s preferable that an optical storage device uses a

- tubular optical information carrier comprising a sub-

35

strate and a recording coating applied on the surface of
this substrate. |

It 1s possible that, in an optical storage device, the
track switching unit should comprise a monostable mul-
tivibrator and a T-flip-flop whose input should be

- joined and connected to a first output of a control unit:

The invention is to provide an optical storage device

in which a larger part of the recording coating of the
~optical information carrier is made free from reference
tracks and record information tracks instead in order to
make the density of recording on the Optlcal informa-
tion carrier much higher.

The invention. consists of an optical storage device
comprising an optical information carrier having refer-

45
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ence tracks on its recording coating, and at least two

optical heads optically connected to the optical infor-
mation carrier. Each such optical head comprising sev-
eral optically connected elements arranged one after
- another, including a source of modulated coherent radi-
ation, a movable optical element, a beam splitter, a
photodetector having its first output connected to a
respective signal input of a control unit coupled to a
data trunk line, whose signal outputs are connected to

35

inputs of sources of modulated coherent radiation of 60

respective optical heads. The invention further com-

prises at least two autofocusing units, each having its

Input connected to a second output of the photodetec-

tor of a respective optical head, while the output of

each autofocusing unit is kinematically connected with
a movable optical element of its optical head. At least
one unit for tracing a track on the optical information
carrier, which has its input electrically connected to a

65

first and second AND circuits having their first inputs
connected to a first output of the monostable multivi-
brator and their second inputs connected, respectively,
to the first and second outputs of the T-flip-flop; a first
analog switch, a second analog switch, and a third ana-
log switch, a control input of the first analog switch
should be connected to the output of the first AND
circuit, a control input of the second analog switch
should be connected to the second output of the mono-
stable multivibrator, and a control input of the third
analog switch should be connected to the output of the
second AND circuit, a signal input of the first analog
switch should be connected to the third output of the
photodetector which is a part of the optical head linked

~with a portion of the recording coating of the optical

information carrier, which has reference tracks, a signal
input of the second analong switch should be connected
to a fourth output of this photodetector; an analog in-
verter having its input connected to the third output of
the same photodetéctor, while the output thereof is
connected to the signal input of the third analog switch;
and an analog adder having its first, second and third
inputs connected to outputs of the first, second, and
third analog switches, and having its output connected
to the track tracing unit thereof.

[t 15 also possible that the track switching unit should
comprise a first monostable multivibrator having its

input connected, via a first communication wire, to a

first output of the control unit; a second monostable
multivibrator having its input connected, via a second
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communication wire, to the first output of the control
unit; an RS-flip-flop and a first OR circuit having its
two inputs connected to the first and second communi-
cation wires of the control unit; a T-flip-flop having its
mput connected to the output of the first OR circuit;
first, second, third, fourth, fifth, sixth, seventh, and
eight AND circuits, three inputs of the first AND cir-
cuit are connected to the first output of the RS-flip-flop,
the second output of the T-flip-flop, and the second
output of the second monostable multivibrator, three
inputs of the second AND circuit are connected to the
first output of the RS-flip-flop, the first output of the
 T-thip-flop, and the first output of the second monosta-
ble multivibrator, three inputs of the third AND circuit
are connected to the first output of the RS-flip-flop, the

first output of the T-flip-flop, and the second output of

the second monostabie multivibrator, three inputs of the

fourth AND circuit are connected to the first output of

the RS-flip-flop, the second output of the T-flip-flop,
and the first output of the second monostable multivi-
brator, three inputs of the fifth AND circuit are con-
nected to the second output of the RS-flip-flop, the
second output of the T-flip-flop, and the second output
of the first monostable multivibrator,three inputs of the
sixth AND circuit are connected to the second output
of the RS-flip-flop, the second output of the T-flip-flop,
and the first output of the first monostable multivibra-
tor, three inputs of the seventh AND circuit are con-
nected to the second output of the RS-flip-flop, the first
output of the T-flip-flop, and the second output of the
first monostable multivibrator, three inputs of the
eighth AND circuit are connected to the second output
of the RS-flip-flop, the first output of the T-flip-flop,
and the first output of the first monostable multivibra-
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tor; a second OR circuit having two inputs thereof 35

connected to the outputs of the first and fifth AND
circuits; a third OR circuit having its two inputs con-
nected to outputs of the second and sixth AND circuits;
a fourth OR circuit having its two inputs connected to
outputs of the third and seventh AND circuits; a fifth
OR circuit having its two inputs connected to outputs
of the fourth and eighth AND circuits; first, second.,
third, and fourth analog switches having their control
Inputs connected, respectively, to outputs of the second,

third, fourth, and fifth OR circuits, the signal input of 45

the first analog switch is connectdd to the third output
of the photodetector which is a part of the optical head
linked with a portion of the recording coating on the
optical information carrier, which has reference tracks,
the signal input of the second analog switch is con-
nected to the fourth output of the same photodetector,
first and second analog inverters having their inputs
connected, respectively, to the third and fourth outputs
of the same photodetector and their outputs connected,
respectively, to the signal inputs of the third and fourth
analog switches; and an analog adder having its four
inputs connected to outputs of the first, second, third,
and fourth analog switches and its output connected to
the track tracing unit.

This invention makes it possible to achieve a higher
surface density of information recording in a multi-head
optical storage device wherein positioning is effected
by displacing an optical information carrier inside a
container filled with an immersion fluid. This is
achieved by making the larger portion of the recording
coating on the optical information carrier free from
reference tracks and using the portions of the recording
coating made available in this manner to accommodate

50
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additional information tracks. This is also achieved by
making information tracks narrower, which is made
possible because the modulated coherent radiation can
be more sharply focused by immersion optics.

BRIEF DESCRIPTION OF DRAWINGS

Given herein below is a detailed description of an
embodiment of the invention, reference being made to
the accompanying drawings, wherein:

F1G.1 shows a block diagram of an optical storage
device, according to the invention: |

FIG. 2 shows a diagram of an embodiment of a mov-
able optical element using a movable lens for autofocus-
ing, according to the invention:

FI1G. 3 shows a diagram of an embodiment of a mov-
able optical element using a rotating mirror to trace a
track and a movable lens for autofocusing, according to
the invention: |

FIG. 4 shows a block diagram of a track switching
unit with restricted movement of the electromagnetic
beam, according to the invention:

FIG. 5 shows a block diagram of a track switching
unit with arbitrary movement of the electromagnetic
beam, according to the invention;

FIG. 6 shows an enlarged view of a fragment of a
portion of the recording coating of the optical informa-
tion carrier with beams projected thereon during trac-
ing the longitudinal axis of an information track, ac-
cording to the invention:

FIG. 7 shows en enlarged view of a fragment of a
portion of a recording coating of the optical informa-
tion carrier with beams projected thereon during trac-
ing the longitudinal axis of a reference track, according
to the invention:

FIG. 8 shows an enlarged view of a fragment of a
portion of a recording coating of the optical informa-
tton carrier with beams projected thereon during trac-
ing the right-hand edge of an information track, accord-
ing to the invention: -

FIG.9 shows an enlarged view of a fragment of a
portion of a recording coating of the optical informa-
tion carrier with beams projected thereon during trac-
ing the left-hand edge of an information track, accord-
ing to the invention: |

FIGS. 10qa, b, ¢, d, ¢, f g show curves explanatory of
the operation of a track switching unit, according to the
invention;

FIGS 11a, b, ¢, d, ¢, f, g show curves expianatory of
the operation of the track switching unit whose circuit
1s shown in FIG. 4, according to the invention:

FIGS.12,a, ¢, d. e, £ g h i k I m, n p, gshow curves
explanatory of the operation of the track switching unit
whose circuit is shown in FIG. 5, according to the
Invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

DESCRIPTION OF THE PREFERRED
EMBODIMENT

An optical storage device (FIG. 1) comprises a tubu-
lar optical information carrier 1 made as a transparent
cylindrical substrate 2 equipped with butt pressurizing
covers J. A recording coating 4 1s applied on the inter-
nal surface of the cylindrical substrate 2 and is provided
with a portion 5 having tracks made in advance. The
optical information carrier 1 has a tubular shape and is
confined in a tight (hermetically sealed) container 6
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whose walls are provided with transparent portions 7
-wherein stationary optical elements 8 (immersion
~lenses) are placed. The water-tight container 6 is filled
with an immersion fluid 9, e.g. distilled water.

The optical storage device also comprises three opti-
cal heads 10, in a general case there may be at least two
such optical heads. each optical head contains a source
11 of modulated coherent radiation, e.g. light, infrared,
ultraviolet, a movable optical element 12, a beam split-
ter 13, and a photodetector 14. This photodetector 14
contains, although not shown in the drawings, photodi-
odes, preamplifiers, and elements for analog processing
of source signals. The modulated coherent radiation
sources 11 can be arranged one after another, in what is
commonly referred to as a “laser line” or, as in FIG. 1,
at regular intervals. |

The optical storage device also comprises three au-
tofocusing units 15, in a general case there may be two

6

 modulated coherent radiation. The input of each addi-

10

15

such units. Second outputs of photodetectors 14 of all

optical heads 10 are connected to inputs of autofoucus-
Ing units 15. The output of each unit 15 is kinematically
connected with the movable element 12 of its optical
head 10. | | |

The optical storage device comprises at least one
track tracing unit 16 and a track switching unit 17. An
input of the track tracing unit 16 is connected to an
output of the track switching unit 17 whose first and
second inputs are connected to third and fourth outputs
of the photodetector 14 of the optical head 10. This
optical head 10 in combination with the autofocusing
unit 15, the track tracing unit 16, the track switching
unit 17, and the stationary optical element 8 form the
main information optoelectronic channel.

The optical storage device also comprises a control
unit 18 connected, via an information trunk line 19, to
other units of the computer information system (these
‘unit are not shown in the drawings).

Signal inputs of the control unit 18 are connected to
first outputs of photodetectors 14 of all optical heads 10,
while all signal outputs of the control unit 18 are con-
nected to inputs of the modulated coherent radiation
sources 11 of all optical heads 10. |

The address output of the control unit 18 is connected

to a third input of the track switching unit 17 by a com-
munication line comprising one or two signal wires.
- The optical storage device comprises an information
addressing unit 20 comprising, with reference to a tubu-
lar optical information carrier 1, a rotational drive and
an axial drive (not shown in the drawings for simplic-
ity). The addressing unit 20 is kinematically connected
to the optical information carrier 1. The arrow N indi-
cates the direction of displacement of the optical infor-
mation carrier 1 along its axis 21. The arrow M indicates
the direction of rotation of the optical information car-
riter 1 about its axis 21. The rotational drive may, for
example, be an electrical drive, while the axial drive
may, for example, be a hydraulic drive. These drives
can be made by any conventional method.

The optical storage device also comprises additional
tracing units 22 whose number is less by one than the
number of optical heads 10. Each additional tracing unit
22 1s a part of an additional optoelectronic channel
comprising an optical head 10, a stationary optical ele-
ment 8, and an autofocusing unit 15. The additional
track tracing unit 22 is designed to trace siow displace-
ments of tracks in relation to stationary optical ele-

ments, which are due to the temperature drift of tracks.

and the dnift of the radiation pattern of the source of
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tional tracing unit 22 is connected to a third output of
the photodetector 14 of the optical head 10 thereof. The
output of each additional tracing unit 22 is kinematically
connected with a movable optical element 23 which is a
constituent part of its additional optoelectronic channel.
‘The movable optical element 23 is intended, apart from
autofocusing, for deflection of an electromagnetic beam
24 produced by the source 11 of modulated coherent
radiation.

The optical storage device comprises an autofocusing
system ensuring focusing the beam 24 on the recording
coating 4 despite radial run-outs of the tubular optical

carrier 1. This autofocusing system comprises an au-

totocusing unit 15, an optical head 10, a stationary opti-

cal element 8, and an optical information carrier 1.
The optical storage device also comprises a track

tracing system ensuring, in the main optoelectronic

‘channel, guidance of the beam 24 over the portion 5 of

the recording coating 4 on the optical information car-
rier 1. This tracing system comprises a track tracing unit
16, a track switching unit 17, an information addressing
unit 20, an optical information carrier 1, and an optical
head 10. |

In the additonal optoelectronic channel, the beam
tracking system ensures that the beam 24 is guided out-
side the boundaries of the portion 5 of the recording
coating 4 and comprises a track tracing unit 22, an opti-
cal head 10, a stationary optical element 8, and an opti-
cal informtion carrier 1.

The movable optical element 12, shown in FIG. 2
where the path of the beam 24 is indicated, is made as a
stationary lens 25 mounted in piezosupports 26.

The movable optical element 23 whose embodiment
is shown in FIG. 3 is made as a movable lens 25
mounted in piezo supports 26 and a rotating mirror 27
controlied by a motor 28, through which the beam 24
passes from the source 11.

The tracking switching unit 17, whose embodiment is
shown in FIG. 4, comprises a monostable multivibrator
29 and a T-flip-flop 30 whose inputs are joined. These
Inputs are connected to an address output of the control
unit 18 by a communication line which, in this embodi-
ment of the track switching unit 17, contains only one
signal wire. |

A first output of the monostable multivibrator 29 is
connected to first inputs of AND circuits 31 and 32
whose second inputs are connected, respectively, to the
first and second outputs of the T-flip-flop 30. An output
of the AND circuit 31 is connected to a control input of
an analog switch 33. A control input of an analog
switch 34 is connected to a second output of the mono-
stable multivibrator 29. A control input of an analog
switch 35 is connected to the output of the AND circuit
32. The signal input of the analog switch 33 is con-
nected to a third output of the photodetector 14. The
signal input of the analog switch 34 is connected to a
fourth output of the photodetector 14. The signal input
of the analog switch 35 is connected to a third output of
the photodetector 14 via an analog inverter 36. Outputs
of the analog switches 33, 34, and 35 are connected,
respectively, to the first, second, and third inputs of an
analog adder 37 whose output is connected to an input
of the track tracing unit 16.

In an alternative embodiment of the track switching
unit 17, the communication line between the address
output of the control unit 18 and the third output of the
track switching unit 17 comprises two signal wires. The
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address output of the control unit 18 is a multichannel
output.

In another embodiment, the track switching unit 17
(FIG. §) comprises a monostable multivibrator 38 hav-
ing its mput connected, via a first signal wire, to an
address output of the control unit 18, and a second
monostable multivibrator 39 having its input connected,
via a second signal wire, to an address output of the
control unit 18. It also comprises an OR circuit 40 and
a RS-flip-flop 41 having two inputs connected, via two
signal wires, to the first muitichannel address output of
the control unit 18.

The output of the first OR circuit 40 is connected to
the input of a T-flip-flop 42. This track switching unit 17
aiso comprises AND circuits 43, 44, 45, 46, 47, 48, 49,
and 30. Three inputs of the AND circuit 43 are con-
nected to the first output of the RS-flip-flop 41, the
second output of the T-flip-flop 42, and the second
output of the monostable multivibrator 39. Three inputs
of the AND circuit 44 are connected to the first output
of the RS-flip-flop 41, the first output of the T-flip-flop
42, and the first output of the monostable multivibrator
39. Three inputs of the AND circuit 45 are connected to
the first output of the RS-flip-flop 41, the first output of
the T-flip-flop 42, and the second output of the mono-
stable multivibrator 39. Three inputs of the AND cir-
cuit 46 are connected to the first output of the RS-flip-
flop 41, the second output of the T-flip-flop 42, and the
first output of the monostable multivibrator 39. Three
inputs of the AND circuit 47 are connected to the sec-
ond output of the RS-flip-flop 41, the second output of
the T-flip-flop 42, and the second output of the mono-
stable multivibrator 38. Three inputs of the AND cir-
cuit 48 are connected to the second output of the RS-
flip-flop 41, the second output of the T-flip-flop 42, and
the first output of the monostable muitibibrator 38.
Three inputs of the AND circuit 49 are connected to
the second output of the RS-flip-flop 41, the first output
of the T-flip-flop 42, and the second output of the
monostable multivibrator 38. Three inputs of the AND
circuit 50 are connected to the second output of the
RS-flip-flop 41, the first output of the T-flip-flop 42, and
the first output of the monostable multivibrator 38.
Outputs of the AND circuits 43 and 47 are connected to
two nputs of an OR circuit 51. Outputs of the AND
circuits 44 and 48 are connected to two inputs of an OR
circuit 52. Outputs of the AND circuits 45 and 49 are
connected to two inputs of an OR circuit 53. Qutputs of
the AND circuits 46 and 50 are connected to two inputs
of an OR circuit 54. Outputs of the OR circuits 51, 52,
53, and 54 are connected respectively to control inputs
of analog switches 55, 56, 57, and 58. The signal input of
the analog switch 55 is connected to the third output of
the photodetector 14. The signal input of the analog
switch 56 is connected to the fourth output of the pho-
todetector 14. The signal input of the analog switch 57
1s connected to the third output of the photodetector 14
'via an analog inverter 59. The signal input of the analog
switch 58 is connected, via an analog inverter 60, to the
fourth output of the photodetector 14. Qutputs of the
analog switches 55, 56, 57, and 58 are connected, re-
spectively, to the first, second, third, and fourth inputs
of an analog adder 61 whose output is connected to the
track tracing unit 16.

Referring to FIG. 6, a fragment of the portion 5 of the
recording coating 4 of the optical information carrier 1
features reference tracks 62 and information tracks 63.
In this embodiment of the device, the reference tracks
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62 and information tracks 63 are shown, for simplicity,
as having equal width “d”. The direction of travel of
the electromagnetic beam 24 across tracks 62 and 63
during tracing is indicated by “x’". The reference and
information tracks 62 and 63 have their respective lon-
gitudinal axes 64 and 65, respectively.

In the three-beam embodiment of the track tracing
system (the diffraction grating of the optical heads 10 is
not shown for simplicity), this fragment of the portion 5
of the recording coating 4 displays projections of three
electromagnetic beams 24', 24", and 24’", obtained by
splitting the source beam 24.

Position of projections of the beams 24', 24", and 24’"
shown in FIG. 6 corresponds to tracing the axis 65 of
the track 63. |

FIGS. 7, 8 and 9 show the same fragment of the
portion 5 of the recording coating 4. Position of projec-
tions of the beams 24’, 24, and 24’" in FIG. 7 corre-
sponds to tracing the axis 64 of the reference track 62.
Position of projections of the beams 24’, 24", and 24’" in
F1G. 8 corresponds to tracing the right hand edge of the
information track 63, and in FIG. 9 tracing the left hand
edge of the same track 63.

FIGS. 10a, b, ¢, d, e, ,f, g show waveforms or curves
explanatory of the operation of the track switching unit
17. FIGS. 11q, b, ¢, d, ¢, £ g show curves explanatory of
the operation of the track switching unit 17 whose cir-
cuit 1s shown in FIG. 4, while FIGS. 124, b,, ¢, d. ¢, /, g
h, i, Kk, [, m, n, p, g show curves explanatory of the opera-
tion of the track switching unit 17 whose circuit is
shown in FIG. §.

The optical storage device operates as follows.

During recording, information to be stored is sup-
plied from the control unit 18 to the inputs of three (or,
generally, at least two) sources 11 (FIG. 1) of modu-
lated coherent radiation. These sources, for exampie,
may be gas or solid-state lasers equipped with optical
modulators or semiconductor lasers. The input informa-
tion modulates the intensity or some other parameter of
the laser radiation by any known method. The modu-
lated electromagnetic radiation is transmitted through
respective optoelectronic channels to the recording
coating 4 of the optical information carrier 1. The beam
24 (or several beams) reflected from the optical carrier
1 1s transmitted via the beam splitter 13 to the photode-
tector 14. Radiation applied to the input of the photode-
tector 14 1s converted by photodiodes, or some other
light-signal converters, into photoelectric currents.
These photocurrents are converted by analog circuits of
the photodetector 14 into playback signals used, for
example, tor recording monitoring and error signals for
autofocusing and tracking systems. These error signals
are mimimized in the autofocusing unit 15 and track
tracing unit 16 respectively. A control signal obtained
at the output of the track tracing unit 16 in the main
optoelectronic channel is supplied to the information
addressing unit 20 and corrects the axial play of the
optical information carrier 1 for all optoelectronic chan-
nels. It 1s for this reason that the track tracing systems in
additional optoelectronic chanels are only auxiliary
systems to be used to correct for the temperature drift
of tracks and the drift of the radiation pattern of the
sources 11 of modulated coherent radiation.

As compared to the track tracing system of the main
optoelectronic system, the track tracing systems of the
additional channels have a narrower range and their
feedback loop is connected through individual actuat-
ing movable optical elements 23. These elements 23 in
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the additional optoelectronic channels have two func-
tions because they also receive error signals from the
- autofocusing units 15. In this embodiment of the optical

- storage device, reference tracks 62 (FIGS. 6-9) alter-
nating with information tracks 63 are only available on

the portion 5 of the recording coating 4 of the optical

- Information carrier 1. This portion corresponds to the

main optoelectronic channel. Other portions of the
recording coating 4 can be used to record twice as
much information tracks 63. This is achieved by shifting
the optical information carrier 1 (FIG. 1) to a half-space
equal to the width “d” of the tracks 63 (FIGS. 6-9) on
the portion 5 of the recording coating 4 by means of the

track switching unit 17. This track switching unit 17 is

- used 1n the main optoelectronic channel to trace the axis
65 of the information track 63 and, also, the axis 64 of
the reference track 62.

Since the optical information carrier 1 is confined in
a water-tight container 6 filled with the immersion fluid
9, the resolution can be made higher and some addi-
tional contribution can be achieved to making informa-
tion recording more dense.

The information recorded in this manner on the opti-
cal carrier 1 can be stored for a long time and read many
times over.

During reading, all sources 11 (FIG. 1) of modulated
coherent radiation emit beams 24 of constant intensity.
The autofocusing and tracking systems operate exactly
as described above. Playback signals are produced in
the photodetectors 14 and supplied to the control unit
18. |

It 1s possible to use the herein disclosed optical stor-
age device for simultaneous recording in some opto-
electronic channels and reading in other channels.

- The movable optical element 12 shown in FIG. 2
operates as follows.

The error signal from the autofocusing system is
supplied to the piezosupports 26 resulting in axial dis-
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placement of the lens 25 and focusing the beam 24 on |

the recording coating 4 of the optical carrier 1.

The movable optical element 23 shown in FIG. 3
operates as follows. - -

When an error signal is supplied to the motor 28
available in the track tracing unit 22, the motor 28
changes the position of the rotating mirror 27 so that the
center of the beam 24 is brought back to the axis 65 of
the track 63. When the error signal of the autofocusing
system 1s supplied to the piezosupports 26, the position
~of the lens 25 in relation to its axis is changed so that the
beam 24 is focused on the recording coating 4 of the
optical carrier 1.

The track switching unit 17 shown in FIG. 4 operates
as follows. Referring to FIGS. 10a, 105, and 10c, the
initial optical signals obtained by, for example, a three-
beam optical arrangement can be converted by the
photodiodes (or some other light-to-signal converters)
- in the photodetectors 14 into photocurrent I.(FIG. 104)
corresponding to the central beam 24’ (FIGS. 6-9) ,
photocurrent I; (FIG. 10b) corresponding to the left
beam 24" (FIGS. 6-9), and photocurrent I, (FIG. 10c¢)
corresponding to the right hand beam 24" (FIGS. 6-9).
When these beams 24', 24", and 24'" are displaced
across the reference and information tracks 62 and 63,
that is in the direction of the axis “x”, the magnitude of
photocurrents I., I; 1, varies as shown in FIGS. 10q,
106, and 10c. The photocurrents I, I, I, (FIGS. 10q,
100, 10c) can be converted by analog operations in the
photodetectors 14 (FIG. 1) into tracing signals S.{, S,

10

Si, S, (FIGS. 10d, 10e, 10f, 10g). The signal S;1 (FIG.
10d) tracing the axis 65 (FIG. 6) of the information
track 63 can be obtained according to the expression

The signal S¢; (FIG. 10/) for tracing the axis 64 (FIG.
7) of the reference track 62 can be obtained in accor-
dance with the expression

[, — I
S = Kﬂ-—'_—-r 2

The signal S;(FIG. 10¢) for tracing the left hand edge
of the information track 63 (FIG. 9) can be obtained in
accordance with the expression | -

S1 = k| Lo — —5— |

The signal S, (FIG. 10g) for tracing the right hand
edge of the information track 63 (FIG. 8) can be ob-
tained in accordance with the expression

where k, is the coefficient of proportionality.

The track tracing unit 16 (FIG. 1) responds to signals
Scir S¢2, Srand S, by displacing the beams 24', 24", and
24" (FIGS. 6-9) across the reference and information
tracks 62 and 63 in the directions indicated by arrows in
FIGS. 10d, 10¢, 10f, and 10g. It is clear from the com-
parison of the error signals S.i, S, Si, S,and the direc-
tion of response thereto that some zero signals are stable
(points A, A’, .. .in FIG. 104, 1 B,B/, . . . in FIG. 10e.
C, C,...mFIG. 10f, D,D, . .. in FIG. 10g), while
other are unstable (for example E in FIG. 10d4). This

-~ means that to switch over from tracing the axis 65 of the
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information track 63 (FIG. 6) to tracing the axis 64 of
the reference track 62 (FIG. 7) or back, it is sufficient,
as shown by the comparison of the tracing signals S,
and S to additionally invert the tracing signal S;in the
track switching unit 17. But to provide a track switch-
ing unit 17 capable of reliably switching tracks in the
desired manner, this is not enough because the beam can
equally be switched to the left or right tracks adjoining

- the nitial one. The track switching unit 17 should guar-

antee not only track switching, but also the direction of
this switching operation. To this end, the track switch-
ing unit 17 is equipped with additional electrical units
which are to ensure reliable tracing of the prescribed
boundary between the information track 63 and the
reference track 62 (FIGS. 8 and 9).

The above considerations dictated the development
of the arrangement of the track switching unit 17 shown
in FIG. 4. In this unit 17, a track switching pulse is
supplied to the joint input of the monostable multivibra-
tor 29 and the T-flip-flop 30 (FIG. 11a). Responding to
this pulse, the monostable multivibrator 29 generates a
pulse (FIGS. 114, ¢) of the assigned transfer duration
and the T-flip-flop 30 changes its state (FIGS. 11¢ and
11d). Pulses generated by the monostable multivibrator
29 (F1G. 116) and T-flip-flop 30 (FIGS. 11d and 11e) are
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used by the AND circuit 31 and AND circuit 32 to
produce pulses successively rendering conductive the
first analog switch 33 (FIG. 11f), the second analog
switch 34 (FIG. 11b), and the third analog switch 35
(FIG. 11g). In this manner we can achieve successive
and stable tracking of the axis of the information track
63 (FI1G. 6), its left hand edge (FIG. 9), and the axis 64
of the reference track 62 (FIG. 7), or vise versa. When
a next track switching pulse (FIG. 11a) is applied to the
input of the unit 17, the beam 24', is transferred in the
direction opposite to the previous switching. This
means, however, that this embodiment of the track
switching unit 17 (FIGS. 6-9) cannot provide changes
of tracks 62 and 63 in any direction.

The track switching unit 17 shown in FIG. § also
employs the above described principles, but is free from
the above disadvantage. This unit 17 has two control
inputs. One control input is connected to the first signal
- wire for the switch-to-the-right signal (FIG. 12a) and to
the second signal wire for the switch-to-the-left signal
(FIG. 12b). The left switch signal (FIG. 125b) can make,
for example, the beam 24’ move, depending on the ini-
tial position, from the axis 65 of the information track 63
(FIG. 6) to the left hand edge of the information track
63 (FIG. 9) and then to the axis 64 of the reference track
62 (F1G. 7), or from the axis 64 of the reference track 62
(FIG. 7) to the right hand edge of the information track
63 (FIG. 8) and then to the axis 65 of the information
track 63 (FIG. 6). The right switch signal (FIG. 12a)
can make the beam 24’ move, depending on the initial
position thereof, from the axis 65 of the information
track 63 (FIG. 6) to the right hand edge of the informa-
tion track 63 (FIG. 8) and further to the axis 64 of the
reference track 62 (FIG. 7), or from the axis 64 of the
reference track 62 (FIG. 7) to the left hand edge of the
information track 63 (FIG. 9) and then to the axis 65 of
the information track 63 (FIG. 7). This algorithm is
realized in the track switching unit 17. Right switch
signal pulses (FIG. 12a) are supplied from the address
output of the control unit 18 via the first signal wire to
the input of the monostable multivibrator 38, while left
switch signal pulses (FIG. 12b) are supplied from the
address output of the control unit 18 via the second
signal wire to the input of the monostable multivibrator
39. In addition, both pulses (FIGS. 12 and 12b) are also
suppited to two inputs of the OR circuit 40 and RS-flip-
flop 41. Output pulses (FIG. 12g) of the OR circuit 40
are fed to the input of the T-flip-flop 42. Let us desig-
nate the signal on the first output of the monostable
multivibrator 38 as X (FIG. 12¢) and the signal on the
second output thereof as X (FIG. 12d). The signal on
the first output of the monostable multivibrator 39 is
designated as X; (FIG. 12e¢), while the signal on the
second output thereof is e,ovs/X/ 3 (FIG. 12/). The
signal on the first output of the T- flip-flop 42is Y (FIG.
12h) and on the second output thereof—Y (FIG. 127).
The signal on the first output of the RS-flip-flop 41 is
designated as Y; (FIG. 12k) and on the second output
thereof as e,ovs/Y/ 2 (FIG. 121). Then the signal Z;
fed to the first input of the OR circuit 51 is a conjunc-
tion of signals fed from the first output of the RS-flip-
flop 41 (FIG. 12)), from the second output of the T-flip-
flop 42 (FIG. 12k), and from the second output of the
monostable multivibrator 39 (FIG. 12f)

Zn=Y3A YA X3

and 1s generated by the AND circuit 43 (FIG. 5).
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The sngnal Zy, fed to the second input of the OR

circuit 51 is a conjunction of signals Y> (FIG. 120), Y,
(FIG. 12) and X, (FIG. 124d)

Ziz=YaAeovs/Y/ | A X|

and 1s generated by the AND circuit 47 (FIG. 5).
Similar signals fed to the first and second inputs of the
OR circuits 52, 53, or 54 are respectively equal to:

Z11=Y2AY 1A X>
Z1=Y2AY; A X
Z31=Y2AY 1A X3
Z1=YsAY 1A X
Z41=Y2AY A X3

Z43=Y2AY | AZ}

and are generated by the AND circuits 45, 46, 47, 48,
49, 50.

Pulses (FIGS. 12m, 12n, 12p, 12g) fed from the out-
puts of the OR circuits §1, 52, 53, and 54 to the control
inputs of the analog switches 55, 56, 57, and 58 are equal
to the following functions:

X1=2Z11v 212
Ly=2> vy
Li=2ZyVv L33

La=2Z41V-Zs

Signals fed to the first and second inputs of the track
switching unit 17 (FIG. 1) from the third and fourth

outputs of the photodetector 14 of the main optoelec-

tronic channel are therefore switched in the desired
succession, thus maintaining the desired track switching
law.

This invention makes it possible to achieve at least a
two-fold increase in the recording density on an optical
information carrier.

The present invention can be used as an external
computer memory, e.g. in a personal computer. Such
optical storage devices are advantageous in compllatlon
of data-bases for multiple purposes.

We claim:

1. An optical storage device comprising: an optical
information carrier having a recording coating and
reference tracks on the recording coating: at least two
optical heads optically communicating with the optical
information carrier, each such optical head comprising
several elements optically communicating and arranged
one after another, including a source of modulated co-
herent radiation, a movable optical element, a beam
splitter, and a photodetector; a control unit linked to an
information trunk line and having signal outputs con-
nected to mputs of the sources of modulated coherent
radiation of respective optical heads, a first output of
each photodetector being connected to a respective
signal mput of the control unit; at least two autofocus-
Ing units, an input of each autofocusing unit being con-
nected to a second output of each photodetector of a
respective optical head, an output of each autofocusing
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unit being kinematically linked with the movable opti-
cal element of its optical head; at least one unit to trace
for tracing a track on the optical information carrier,
having an input electrically connected to a third output
of one of the photodetectors; characterized in that the
device further comprises: a track switching unit having
a plurality of inputs and an output, the output being
~ connected to the input of the track tracing unit and the
- first input being connected to the third output of the
photodetector, this photodetector having a fourth out-
put connected to the second input of the track switch-
Ing unit, the third input of the track switching unit being
connected to a first address output of the control unit:
an information addressing unit kinematically connected
with the optical information carrier, a first input of the
information addressing unit being connected to a sec-
ond address output of the control unit, while a second
input thereof is connected to an output of the track

tracing unit; and a container filled with an immersion

fluid in which the optical information carrier is placed,
‘and featuring transparent portions in walls thereof, lo-
cated opposite the optical heads, each transparent por-
- tion carrying a stationary optical element, the reference
tracks on the recording coating of the optical informa-
tion carrier occupying only a portion of this recording
coating located under one stationary optical element
and communicating with the optical head whose photo-
detector is connected to the track switching unit.

2. An optical storage device as claimed in claim 1,
further comprising: additional track tracing units whose
number is less by one than the number of optical heads,
an output of each additional track tracing unit being
kinematically connected with an additional input of the
movable optical element of its optical head, the input of
each additional track tracing unit being connected to
the third output of the photodetector of respective opti-
cal heads.

3. An optical storage device as claimed in claim 1,
wherein the optical information carrier is tubular in
shape and contains a cylindrical substrate with a record-

ing coating applied on the surface thereof.
- 4. An optical storage device as claimed in claim 3,
wherein the track switching unit comprises: a monosta-
ble multivibrator having a first and a second output: a
- T-fhip-flop having inputs and first and second outputs,
the inputs being joined together and connected to a first
output of the control unit; first and second AND cir-
cuits, each having a first input, second input, and an
output, the first inputs being connected to the first out-
put of the monostable multivibrator and the second
inputs being connected to, respectively, the first and
second outputs of the T-flip-flop; first, second and third
analog switches, each having a control input, a signal
input and an output, the control input of the first analog
switch being connected to the output of the first AND
circuit, the control input of the second analog switch
being connected to the second output of the monostable
multivibrator, the control input of the third analog
switch being connected to the output of the second
AND circuit, the signal input of the first analog switch
being connected to the third output of the photodetec-
tor which is incorporated into the optical head and
linked with the portion of the recording coating of the
- optical information carrier which has reference tracks,
the signal input of the second analog switch being con-
nected to the fourth output of the same photodetector:
an analog inverter having an input connected to the
third output of the same photodetector, the analog in-
verter also having an output connected to the signal
input of the third analog switch; and an analog adder
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having first, second, and third inputs connected to out-
puts of the respective analog switches and having an
output connected to the tnput of the track tracing unit.

5. An optical storage device as claimed in claim 3,
wherein the track switching unit comprises a first
monostable multivibrator having an input connected via
a first signal wire to the first address output of the con-
trol unit; a second monostable multivibrator having an
input connected via a second signal wire to the first
address output of the control unit; a first OR circuit
having two inputs and an output; an RS-flip-flop having
two inputs, the inputs of the first OR circuit and RS-
flip-flop being connected to the first and second signal
wires of the control unit; a T-flip-flop having an input
connected to the output of the first OR circuit; eight
AND circuits, each having three inputs and an output,
the three inputs of the first AND circuit being con-
nected respectively to a first output of the RS-flip-flop
a second output of the T-flip-flop, and a second output
of the second monostable multivibrator; the three inputs
of the second AND circuit being connected to the first
output of the RS-flip-flop, a first output of the T-flip-
flop, and a first output of the second monostable multi-
vibrator; the three inputs of the third AND circuit being
connected to the first output of the RS-flip-flop, the first
output of the T-flip-flop, and the second output of the
second monostable multi-vibrator; the three inputs of
the fourth AND circuit being connected to the first
output of the RS-flip-flop, the second output of the
T-flip-flop, and the second output of the second monsta-
ble multivibrator; the three inputs of the fifth AND

~circuit being connected to a second output of the RS-
flip-flop, the second output of the T-flip-flop, and a

second output of the first monostable multivibrator; the
three inputs of the sixth AND circuit being connected
to the second output of the RS-flip-flop, the second
output of the T-flip-flop, and a first output of the first
monostable multivibrator; the three inputs of the sev-
enth AND circuit being connected to the second output
of the RS-flip-flop, the first output of the T-flip-flop,
and the second output of the first monostable multivi-
brator; the three inputs of the eighth AND circuit being
connected to the second output of the RS-flip-flop, the
first output of the T-flip-flop, and the first output of the
first monostable multivibrator: a second OR circuit
having two inputs connected to the outputs of the first
and fifth AND circuits; a third OR circuit having two
inputs connected to the outputs of the second and sixth
AND circuits; a fourth OR circuit having two inputs
connected to the outputs of the third and seventh AND
circuits; a fifth OR circuit having two inputs connected
to the outputs of the fourth and eighth AND circuits;
four analog switches having control inputs connected,
respectively, to outputs of the second, third, fourth and
fifth OR circuits, a signal input of the first analog switch
being connected to the third output of the photodetec-
tor which is incorporated into the optical head and
linked with the portion of the recording coating of the
optical information carrier, which has reference tracks,
a signal input of the second analog switch being con-
nected to the fourth output of said photodetector; two
analog inverters having inputs connected respectively
to the third and fourth outputs of said photodetector
and having outputs connected respectively to signal
inputs of the third and fourth analog switches; and an
analog adder having four inputs connected respectively
to outputs of the analog switches and having an output

connected to the input of the track tracing unit.
% L x L
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